Background: X-ray examinations are still a frequent diagnostic tool used by doctors in Indonesia. However, there is an apparent lack of descriptive data regarding the size and location of the maxillary sinus in Indonesian people. Objective: The aim of this study is to provide descriptive data on the size and location of the maxillary sinus among patients in the city of Bogor, West Java, Indonesia. Methods: Sixty eligible subjects aged 17 to 70 years old were randomized into six groups: male and female patients between 17 and 25 years old; male and female patients between 26 and 45 years old; and male and female patients aged 46 or older. Radiographic pictures were taken using the X-mind Novus Digital Panoramic X-ray unit and data were measured using the software Digora for Windows. Results: Using an analysis of variance, we found that men have significantly larger maxillary sinus dimensions than women (79.05 mm compared to 66.33 mm). It also reveals that there are significant differences (p<0.05) between male and female groups; whereas 2 groups aged less than 46 years old are significantly different with group aged 46 years or older in both gender.
conditions that cannot easily be seen. Panoramic radiography [12] [13] [14] [15] is one of the most commonly used techniques due to its ability to reveal the overall condition of patients' teeth and supporting structures, including bone and sinus. Panoramic radiography has many limitations by comparison to newer techniques such as cone beam computed tomography (CBCT) and magnetic resonance imaging (MRI). 16 The existence of new technologies such as digital Xrays has led to more frequent use of X-rays in dentists' daily repertoires. 12, 17 Digital technology allows dentists to perform radiographic examinations more easily, with less radiation and with greater accuracy. [17] [18] [19] In panoramic radiography, images can become blurred due to the difference in the concentric and eccentric rotational axes of the radiation source and the object. Image distortion or inaccurate images can also occur due to the difference in distance factor and the alignment of the radiation source and object. 14, 15, 17 These factors, combined with the fact that any two dimensional image inevitably causes the superimposition of three dimensional structures, can reduce dentists' diagnostic confidence. 15, 17 Despite the many limitations of panoramic radiography, it is still frequently used by dentists because it is relatively easy to use, generates a diagnostic image quickly and is available in most hospitals throughout Indonesia. 20 The ability to understand and interpret radiographic imaging is crucial in determining treatment plan. [14] [15] [16] [17] [18] [19] When considering dental implant placement, there are insufficient data on the dimensions of the maxillary sinus among the Indonesian population. Some studies have successfully determined the location of maxillary sinus structures using panoramic X-ray images, 2,16 however, there have been few studies examining the variance of maxillary sinus width and position among different populations in Indonesia. An effort was made to gather panoramic radiography data in one private practice clinic in Bogor, West Java, Indonesia, in order to determine the maxillary sinus variance among the local residents. The purpose of this study is to make these data available to those who wish to study further the variance in the location and dimension of the maxillary sinus based on age and gender, with the goal of supporting diagnosis and treatment plans for their patients.
This study was designed to describe the panoramic image from subjects. Three variable groups were applied to each gender. Federer formula showed that the minimum sample size per variable group needed to be at least 10 people. Therefore, the total sample size for each gender in the study is 30 people.
Subjects were classified according to gender and age. The three age groups were determined according to the criteria previously set by the Ministry of Health Republic of Indonesia, with the first variable group being adolescents aged 17 to 25 years old; the second variable group consisting of adults aged 26 to 45 years old; and the third variable group being adults aged 46 years and older.
The variable of interest was maxillary sinus width, which was defined as the radiolucent region demarcated by the radiopaque line located apical to the maxillary dentition. Measurements were determined using the software Digora for Windows, which is integrated into the X-mind Novus Digital Panoramic X-ray unit, the device that was used to produce the panoramic radiographic imaging.
The study population consisted of 60 patients between the ages of 17 and 70 years old (30 males and 30 females) who received treatment in this particular private practice in the city of Bogor. All patients received panoramic radiographic examination using the X-mind Novus Digital Panoramic X-ray unit, the data from which were measured using the software Digora for Windows. The inclusion criteria for subjects were: 1) complete maxillary permanent dentition, up to 28 teeth; 2) an age range from 17 to 70 years old, further divided into three variables to be grouped according to Ministry of Health Republic of Indonesia; 3) non-smokers; 4) no pathological conditions within or around the maxillary sinus. Patients were excluded from the study if: 1) the panoramic image was distorted; or 2) their maxillary sinus could not be identified.
Patients were instructed to place their chin on a chin rest and bite the bite block. The X-ray machine was adjusted according to the height of the patient and a lead apron was used. Patients were instructed to remove any metal jewelry. The angle of the patient's head was adjusted so that their mid-sagittal plane and Frankfort plane were aligned with the positioning light on the X-ray equipment. Patients were instructed to press their tongue against their palate and close their lips. They remained stationary for approximately 12 seconds while the X-ray image was taken. The resulting image was then downloaded onto Digora for Windows and processed for data collection. The software was calibrated to produce an image that replicated the exact dimension of the patient's anatomy. An example measurement is presented in Fig. 1 . In this example, it can be determined that the width of the left maxillary sinus is 70.97 mm and the width of the right maxillary sinus is 69.12 mm. The palatal apices of teeth 17, 27 and apices of teeth 13, 23 were used as reference points in determining the location of the maxillary sinus. Teeth 13 and 23 were used because their sizes, which do not change significantly, can be used to determine the vertical dimension. 20 Teeth 17 and 27 were used as reference points because their locations are the most distal of all the teeth in maxillary dentition. Using an imaginary line drawn between these reference points and the most mesial or most distal points, we can accurately determine the location of maxillary sinus. Two methods of statistical analysis were used: an analysis of variance (ANOVA) 21 and a Bonferroni post hoc test completed with the help of the SPSS 15.0 computer software. Table 1 shows the data as observed. The data suggests that, on average, men had larger maxillary sinuses than women. The total mean value for men was 79.05 mm, whereas for women it is 66.33 mm. Overall, there was a reduction in the width of the maxillary sinus of older subjects. Subjects aged 17-25 years old, the mean width was 78.78 mm; subjects aged 26-45 years old the mean width was 77.03 mm; and aged >46 years old the mean width was 67.27 mm.
The data from Table 1 were then analyzed using ANOVA. The results showed statistically significant SCIENTIFIC DENTAL JOURNAL 02 (2018) 59-66 differences (ANOVA; p<0.05) between gender categories (men and women), between all three age categories (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) , and > 46) and when both gender and age were compared. The Bonferroni post hoc analysis showed no significant differences between the 17-25 and 26-45 groups and gender (p>0.05). However, both groups showed significant differences by comparison to the >46 group category in relation to gender, the values were far below the other groups (Fig.  2) . ANOVA also showed that gender and age were significantly (p<0.05) affected the width of maxillary sinus.
Gender
Age The panoramic X-rays used in this study showed several unexpected anatomical features. As shown in Fig.  3 , the mesial aspect of the maxillary sinus was adjacent to teeth numbers 12 and 22. This finding shows that the location of maxillary sinus varies from patient to patient.
Mesial reference points were chosen at the tips of teeth 13 and 23 because the root structure of these teeth is the longest and therefore the most stable. These teeth are important in determining vertical dimension. They are also rarely displaced in the event of extraction of the neighboring teeth. 18, 20, [22] [23] [24] The reliability of the root structure makes these teeth a consistent reference point. 19,22.23 In this study, we did not measure the distal aspect of the maxillary sinus toward the reference point of palatal root teeth number 17 and 27 because almost all patients have a distal maxillary sinus location both to the right and left beyond the distal of the reference point. We also did not take into account the maxillary sinus floor location toward the posterior maxillary roots because this was difficult to determine from a panoramic X-ray alone.
The mean value of the mesial side of the patients' maxillary sinus located mesially is about the same as the mesial side of the patients' maxillary sinus located distally from these reference points. This finding suggests that the maxillary sinus does not always begin at the premolar teeth.
In this study, the Ministry of Health Republic of Indonesia's age classifications were used because each age range has its own distinct characteristics. Between the ages of 17 to 25 years old, the growth of teeth numbers 18 and 28 shows a complete pneumatization process at the maxillary sinus. In patients aged 46 and older, hormonal changes for both males and females cause an alteration in bone quality, with the bones becoming more porous. A decrease in bone quality is caused by changes in the activity of osteoclast and osteoblast cells, differences in estrogen production and decreases in calcium absorption in the colon. 1, [24] [25] [26] Other factors that influence bone quality include lifestyle, exercise, genetics and nutrition. Bones becoming more porous is often caused by metabolic factors than functional factors. 6 These factors are consistent with this study's findings that there was no statistically significant difference in maxillary sinus width between the 17 to 25 and 26 to 45 age groups, but there was a statistically significant difference between those groups and the 46 and older group.
The post-hoc analysis demonstrated that there was a reduction in maxillary sinus width among patients aged 46 and older. In other words, there was an increase in bone structure. This phenomenon is supported by Ahlborg et al. finding that the bone size increases in conjunction Figure 3 . Measurement of the maxillary sinus using panoramic X-ray, mesial aspects of the maxillary sinus going toward the anterior region sextant. (Teeth number 12 and 22) with increase in age. The data also showed that women aged 46 and older have smaller maxillary sinus width. Hormonal changes might be the main reason for this tendency. 26 In addition, as the force of the alveolar bone increases, other bone will increase its own width as a physiological counter-response. 24 This is also known as an ontological adaptation, whereby form follows function. Since alveolar bone is sensitive to mechanical stimuli, a process called mechanotransduction causes increased bone width to withstand an increase in force. This process is achieved by reducing sclerotin production in order to increase bone mass. The bone of the upper jaw has a thin cortical bone with equal spreading to the trabecular bone, with bone quality of D3 and D4. Preventing bone fractures is not possible by changing the quality of the bone; it must be done by changing the quantity of the bone. 27 A smaller maxillary sinus size, increased bone width, bone mass and bone quantity are some of the things that can lead to a greater chance of successfully restoring normal tooth function and mastication. 6, 7 This is because these factors reduce the difficulties of placing dental implants, especially in the posterior region, which has a risk of oro-antral communication. 4 This topic will hopefully contribute to further discussion, with the aim of finding out whether there is any correlation between stress and increased thickness of the cortical bone among the Indonesian population.
Radiographic magnification which varies considerably is one of the disadvantages of panoramic radiography. A number of factors, including patient position, the type of equipment, the anatomic location on the maxillary and mandibular arch, gender and the patient's jaw size and shape, may affect the degree of both horizontal and vertical magnification in panoramic radiography. 28, 29 The magnification factor when measuring width was lowest in the maxillary molar region and greatest in the mandibular anterior region. While the lowest magnification value of length was observed in the mandibular molar region, the highest value appeared in the maxillary premolar area. 28 In this study, all radiographic records were taken with the same machine and by the same operator, and then analyzed using the same software. This can reduce the possibility of radiographic magnification issues during measurement.
Knowledge of the anatomy of the maxillary sinus, as well as variations in the width and pneumatization of the sinus, are very important in determining treatment plans for the maxillary region, especially in relation to placing dental implants. Panoramic radiography can be used to determine the size of dental implants inserted and is considered the standard radiographic modality for dental implant planning because it provides an overview of the teeth and surrounding structure. [12] [13] [14] [15] However, the dentist must understand the limitations of this technique, especially its inability to measure buccolingual dimension.
To increase the rate of success and reduce the risk of complications in dental implant procedures, dentists should consider the degree of magnification when selecting the implant site and size, since there are some vital neighboring structures that may be in close proximity to the implant site. A few studies on dental implant procedures have investigated the issue of image magnification in panoramic radiography in relation to anatomical position and gender. Factors such as the difference in jaw size and shape due to variation in patient ethnicity, the type of dental implant used and the type of radiographic machine are important, which explains the disparity between these studies' differing results. 28 Our descriptive analysis showed that the size and location of the maxillary sinus among male and female patients at one private clinic in Bogor have a significant and meaningful impact on performing procedures on the maxillary region, especially in relation to the placement of dental implants. These findings showed that maxillary sinus location can be as close to incisor teeth and that younger patients have a larger maxillary sinus size than older patients. Men tend to have larger maxillary sinuses than women, however, both genders exhibit a similar pattern of reduction in size of the maxillary sinus according to their age. The reduction in the size of the maxillary sinus occurs at a faster rate among women than men, which may be caused by hormonal changes.
Since using panoramic radiograph as a chief point of reference results in two-dimensional images only, this can make it more difficult to determine the width of the bone at the base of sinus. In addition, the magnification issues related to panoramic images should be taken into consideration, since it can be a factor in the success of implant and prosthetic treatments that involve the bone near the maxillary sinus. Further research may utilize more accurate data gathering equipment, such as cone beam computed tomography, to determine the extent of the bone mass surrounding the maxillary sinus and thus obtain more accurate results. This research may also be expanded by determining the variation in the location of the maxillary sinus septa among Indonesian individuals, because a lack of understanding the septa can increase the chances of perforation during sinus elevation surgery.
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